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ABSRTACT

An experiment was conducted at ICAR RCER, RC, Ranchi, India during 2012-13 to assess the potential
allelopathic effect of leaf extract of eleven tree species [Mango (Mangifera indica), Poplar (Populus deltoides),
Arjun (Terminalia arjuna), Palas (Butea monosperma), Bakaine (Melia azedarach), Acacia mangium, Acacia
auriculiformis, Bael (Aegle marmelos), Teak (Tectona grandis), Jackfruit (Artocarpus heterophyllus), Shisham
(Dalbergia sissoo)] on nine annual crops (black gram, gram, pea, sponge gourd, mustard, okra, brinjal, chilli,
tomato). Data were recorded on seed germination (after 10 days of seed sowing) and growth and biochemical
composition of 20 days old seedlings. Reduction in germination % of annual crops was recorded with
application of leaf leachate of each tree species except D. sissoo, A. heterophyllus, A. marmelos and A. mangium.
With respect to weight of whole plant, application of leaf extract of M. indica, B. monosperma, A. mangium, A.
auriculiformis and A. marmelos resulted in significant increase in total fresh and dry weight over that of
control whereas none of the treatments resulted in significant reduction in fresh weight of annual crops.
Among the annual crops, reduction in total fresh weight of the plant than that of control was recorded in
case of bottle gourd whereas significant increase in fresh weight due to application of leaf extract was
recorded in case of black gram, gram, okra and brinjal. Application of leaf extract of M. indica, A. mangium,
A. auriculiformis and A. marmelos resulted in significant decrease in total chlorophyll content over that of
control. Hence, the study clearly indicated beneficial effect of leaf extract of Mangifera indica, Butea monosperma,

Acacia mangium, Acacia auriculiformis and Aegle marmelos with respect to plant growth of annual crops.

Key words : Allelopathy, Leaf extract, Seed germination

Introduction

The uplands constitute more than 60% of the total
area of the eastern plateau and hill region of India.
Agroforestry systems are effective approaches for
sustainable utilization of the rainfed uplands of the
region. The major agroforestry species grown in the
region include Mangifera indica, Artocarpus
heterophyllus, Terminalia arjuna, Butea monosperma
etc. Apart from this, timber species like Populus
deltoides, Acacia mangium etc. have also been found
suitable to be grown in this region. Among the an-

nual crops grown in the region, black gram and
chick pea are important pulses, mustard is an impor-
tant oilseed crop and garden pea, sponge gourd,
okra, brinjal, chilli, tomato are important vegetable
crops.

Perennial species remain a part of the agro-eco-
system for a longer period and produce large
amount of litter. Suppressing or stimulating effects
of tree crops on the annual crops due to allelopathic
interaction are the major considerations for selection
of crop combination under agroforestry systems.
The allelopathy describes the field that studies the
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contradictory relationships between different plant
species, as well as those between the individuals of
the same species. The chemical compounds that are
involved in the interactions between plants are gen-
erally called allelopathic substances or
allelochemicals and play an important part in the
primary metabolic processes, essential for the sur-
vival of the plants (Rice, 1974). Root exudation,
leaching by dews, rains and irrigation, and volatil-
ization or decaying plant tissue from allelopathic
plants results in release of compounds into the envi-
ronment (Rice, 1984, Khan et al., 2011). In many tree
species, the allelopathic substances have been iden-
tified as phenolic compounds like caffeic acid, feru-
lic acid; coumaric acid, benzoic acid; vanelic, chloro-
genic; gallic; hydroxybenzoic and cinnamic acid etc.
(El-Rokiek et al 2010). Effects of allelochemicals are
dependent on the concentration of the extracts, tar-
get species, and the plant tissues from which the
chemicals were extracted (Daniel, 1999; Kavitha et
al., 2012). Generally leaves are the most potent
source of allelochemicals. However, the toxic me-
tabolites are also distributed in all other plant parts
in various concentrations (Siddiqui et al., 2009).
Apart from alteration in plant growth parameters,
plants’ response to allelopathic chemicals have also
been recorded in form of alterations in different
biochemicals like chlorophyll (Elisante et al. 2013),
sugars (Kavitha et al. 2012) and phenols (Al-Hakimi,
2008).

Allelopathic effect of the above tree species on
different annual crops have been reported by vari-
ous workers [El-Rokiek et al. (2010) and
Venkateshwarlu et al. (2001) in Mangifera indica;
Perdomo and Magalhaes (2007) in Artocarpus
heterophyllus; Rao et al.(1994) in Terminalia arjuna,
Dalbergia sissoo and Acacia auriculiformis; Hoque et al.
(2003) in Acacia auriculiformis; Francisco et al. (2010)
and Joyakumar et al. (1978) in Tectona grandis; Roy et
al. (2011) in Butea monosperma; Thapaliyal et al. (2008)
in Aegle marmelos; Farrukh et al. (1985) and Hussain
et al. (1984) in Melia azedarach, Otsamo (2002) in Aca-
cia mangium; Singh et al. (2001) in Populus eltoids]. In
eastern plateau and hill region of India a number of
households have Mangifera indica, Aegle marmelos
and Artocarpus heterophyllus trees. Petmark and Wil-
liams (1991) recommended Acacia auriculiformis as
agroforestry species. However, information on inter-
action between the above mentioned tree species
and annual crops are meager. Keeping in view the
present investigation was undertaken to identify
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different promising synergistic crop combinations to
be grown under agroforestry systems.

Meterials and Methods

The investigations were undertaken at ICAR Re-
search Complex for Eastern Region, Research Cen-
tre, Ranchi, during 2012-13. The treatments con-
sisted of 11 tree species [Mango (Mangifera indica),
Poplar (Populus eltoids), Arjun (Terminalia arjuna),
Palas (Butea monosperma), Bakaine (Melia azedarach),
Acacia mangium, Acacia auriculiformis, Bael (Aegle
marmelos), Teak (Tectona grandis), Jackfruit
(Artocarpus heterophyllus), Shisham (Dalbergia sissoo)]
and nine annual crops (black gram, gram, pea,
sponge gourd, mustard, okra, brinjal, chilli, tomato)
in 99 combinations. Seeds (108 numbers per replica-
tion) of the annual crops were sown in pro-trays of
4.0 inches size filled with growing media composed
of cocopeat and vermicompost at 1:1 ratio. For
preparation of leaf extract of tree species, one kg of
fully mature leaves were grinded, stirred with 3.5
litres of distilled water and the leaf water extract
was filtered out. 25 ml of leaf water extract from the
selected tree species was applied in the media of
each cup. In case of control, only water was applied.
Before application in the media, fresh leaves of each
tree species were analyzed for content of total phe-
nol. All the samples were irrigated daily with dis-
tilled water. The experiment was laid out in Facto-
rial RBD with three replications. Data on seed ger-
mination (%) was recorded after 10 days of seed
sowing. The seedlings were removed from the me-
dia after 20 days of sowing and data were recorded
on length of shoot, fresh weight and dry weight of
root, shoot and whole plant, content of chlorophyll,
total phenol and total soluble sugars in the shoot.
Chlorophyll content was estimated spectrophoto-
metrically after extraction in chilled acetone
(Thimaiah, 2000). Content of total phenol was esti-
mated spectrophotometrically using Folin-
Ciocateau reagent while the content of total soluble
sugars was estimated spectrophotometrically using
Anthrone reagent (Thimaiah, 2000). The data were
subjected to analysis of variance.

Result and Discussion

Seed germination

Significant effects of the treatment on germination %
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were recorded with respect to tree species, annual
crops as well as interaction between tree species and
annual crops (Table 1). Reduction in germination %
of annual crops was recorded with application of
leaf leachate of each tree species except D. sissoo, A.
heterophyllus, A. marmelos and A. mangium. Stimula-
tory effect of D. sissoo on seed germination of annual
crops have been attributed to presence of phenols,
carbohydrates, terpenoids and flavonoids in extracts
(Tripathy et al., 2000). In the present investigation,
leaf leachate of M. azedarach resulted in minimum
seed germination of annual crops. Inhibitory effects
of M. azadarach on seed germination of different an-
nual species have been reported by a number of
workers (Farrukh et al., 1985; Liliana et al., 2011;
Wirat et al., 2012). Inhibition of seed germination
was recorded in all the annual crops except garden
peas. Application of leaf extract of A. mangium re-
sulted in significant increase in the germination % of
garden peas indicating synergistic interaction. The
maximum inhibition of seed germination was re-
corded in case of okra (33.48%). Venkateshwarlu
(2001) has recorded 90% inhibition in seed germina-
tion of okra when treated with leaf extract of M. in-
dica. Both stimulatory and inhibitory effect on seed
germination of annual crops, were recorded by
Sahoo et al., (2010), with the aqueous leaf leachate of
M. indica. Inhibition of seed germination by
allochemicals has been attributed to suppression of
mitotic activities of young cells (Rice, 1984).

Shoot length

With respect to shoot length, treatmental effects
were significant with respect to tree species, annual
crops and interaction between tree species and an-
nual crop (Table 2). Application of water extract of
all the tree species except B. monosperma, A. mangium
and D. sissoo resulted in significant decrease in shoot
length of annual crops over that of water applica-
tion. Among the annual crops, the maximum reduc-
tion in shoot length was recorded in case of garden
pea (33.07%) whereas the maximum increase was
recorded in case of okra (19.86%). Venkateshwarlu
(2001) has reported reduced root and shoot length in
okra when treated with leaf extraxt of M. indica at
1000 ppm. Hoque et al. (2003) has reported signifi-
cant inhibitory effect on shoot elongation (-41.56%)
in mustard with 100% leaf water extracts of A.
auriculiformis whereas, in present study it was found
at par with control.

Table 1. Effect of soil application of leaf water extracts on seed germination (%) of annual crops

C.D.

Mean SEmz=+
at 5%

Dalbergia Water

Acacia Acacia  Aegle  Tectona  Artocarpus

Melia

arjuna monosperma azadirach mangium auriculi- marmelos grandis heterophyllus

Butea

Mangifera Populus Terminalia

Trees/

518500

indica L deltoides

Annual
Crop

formis

74.64 Extract: Extract:

83.02
66.20
51.39

90.12

90.12

62.96
85.80

71.60
87.04

34.57 73.46 84.57 77.78
82.10
70.99

56.17

69.75
85.19

77.16 82.72
74.07

80.86
79.01

Black gram

6.13,
Seed:
5.31,

2.21,
Seed:

89.51

98.15

94.44
48.15

81.48
66.67
71.60

83.95

83.33

Gram
Pea

54.94

68.52
50.62

62.96
64.20
82.10

82.72
62.96

62.35
57.41

72.84
45.68

69.75
46.30

64.81

69.75

1.92,

57.41

38.27
67.28
32.10

41.36
89.51

40.74
74.07
53.09

Sponge gourd 40.12

Mustard
Okra

81.43 Extract x Extract

87.04
74.69

93.83

73.46
45.06

81.48
69.14

80.25
67.90

75.93
57.41

88.27
72.84
56.17

X
Seed:

Seed:
6.64

57.15

67.90

57.41

63.58

24.69

75.51

78.40
90.74

83.33

71.60
98.15

95.06

72.22
95.06

82.10

68.52
82.72
65.43
69.96

78.40
87.65
83.33

74.35

80.86
86.42
70.37
66.53

75.93

72.84
73.46
83.95

70.71

74.07
68.52

Brinjal
Chilli

18.39

84.93

99.38

87.04
78.40

73.59

84.57
92.59

65.43
64.20

79.01

84.57 79.01

85.19

77.78
68.18

Tomato

78.46

79.77

77.16

68.86

7497

68.52

Mean
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Table 2. Effect of soil application of leaf water extracts on shoot length (cm) of annual crops

C.D.

Mean SEm+
at 5%

Dalbergia Water

Artocarpus

Melia  Acacia  Acacia  Aegle  Tectona
arjuna monosperma azadirach mangium auriculi- marmelos grandis

Butea

Mangifera Populus Terminalia

Trees/

$1SS00

heterophyllus

indica L deltoides

Annual
crop

formis

13.00 Extract: Extract:

14.34
5.77
7.76

14.04
15.42
8.27
10.03
5.41
4.45
3.63
6.02
7.24
8.28

14.68
14.38
7.73
10.35
6.73
5.26
3.79
6.44
6.39
8.42

12.47
14.25
5.37
7.31
5.98
6.33
4.16
6.66
6.64
7.69

12.08
14.02

12.18
13.83

13.51
14.73
5.79
4.70
5.32
6.73
3.49
6.18
6.58
7.45

13.52
13.97
5.74
6.86
5.79
6.23
4.28
6.01
7.98
7.82

10.83
12.71

13.74
1591

14.38
15.23
4.66
8.44
6.18
5.20
1.09
5.63
4.39
7.25

11.98
13.97

12.64
13.70
4.82
8.20
5.92
5.63
3.72
6.12
6.63
7.49

Black gram
Gram

Pea

0.539,
Seed:
0.467,

0.194,
Seed:
0.168,

6.43
5.45
5.54
4.09
3.96
7.07
6.29
7.22

5.82
7.24
5.18
3.27
3.34
6.42
7.31
7.18

4.87
7.60
5.40
5.93
3.89
5.77
8.45
7.27

5.08
9.30
6.25
4.79
3.87
6.65
5.03
7.85

4.59
7.60
5.86
5.16
3.52
6.43
7.68
7.42

Sponge gourd
Mustard
Okra

5.80 Extract xExtractx

Seed:
1.616

Seed:
0.583

5.26
3.56
6.28
6.72

Brinjal
Chilli

Tomato
Mean
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Plant weight

a. Root: The treatments different significantly with
respect to fresh as well as dry weight of root of an-
nual crops (Table 3 & 4). Among the tree species, ap-
plication of water extract of M. indica, P. deltoides, T.
arjuna and B. monosperma resulted in significant in-
crease in fresh weight of root over that of water ap-
plication, the maximum being in case of M. indica.
However, with respect to dry weight of root, signifi-
cant increase over control was recorded in case of M.
indica, P. deltoides, A. auriculiformis, A. marmelos and
T. grandis, the maximum being in case of A.
marmelos. Among the annual crops, significant in-
crease in root fresh weight over that of control was
recorded in case of black gram (151.56% increase)
and gram (30.18% increase) whereas in case of dry
weight of root, significant increases were recorded
in case of brinjal (105.93% increase), sponge gourd
(40.41% increase) and gram (25.74% increase).

b. Shoot : With respect to shoot fresh as well as dry
weight, significant effects of the treatments could be
recorded (Table 5 & 6). Among the tree species, ap-
plication of leaf extract of M. indica, A. mangium, A.
auriculiformis, A. marmelos resulted in significantly
higher shoot fresh weight than that of control
whereas significantly higher shoot dry weight was
recorded in case of M. indica, P. deltoides, B.
monosperma, A. auriculiformis, A. mangium and A.
marmelos. Among the annual crops, significant de-
crease in shoot fresh weight was recorded in case of
sponge gourd, whereas significant increases were
recorded in case of mustard, okra, brinjal, chilli and
black gram. In case of shoot dry weight, significant
decrease was recorded in garden pea whereas sig-
nificant increases were recorded in gram, okra,
brinjal, tomato.

c. Whole plant : With respect to total fresh weight
and dry weight of the plant, significant effects of the
treatments could be recorded (Table 7 & 8). Applica-
tion of leaf extract of M. indica, B. monosperma, A.
mangium, A. auriculiformis and A. marmelos resulted
in significant increase in total fresh and dry weight
over that of control whereas none of the treatments
resulted in significant reduction in fresh weight of
annual crops. Stimulatory effect of bael-leaf-water-
extract at lower concentration has also been re-
ported by Thapaliyal et al. (2008). Hoque et al.,
(2003) has reported stimulatory effect of A.
auriculiformis on growth of annual crops at lower
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concentrations. Similarly stimulatory effect of B.
monosperma on growth of annual crops has been re-
ported by Roy et al. (2011). However, inhibitory ef-
fects of M. indica on growth of different medicinal
plants have been reported by Krishna et al. (2005).
Among the annual crops, reduction in total fresh
weight of the plant than that of control was recorded
in case of bottle gourd whereas significant increase
in fresh weight due to application of leaf extract was
recorded in case of black gram, gram, okra and
brinjal. The maximum increase in total fresh weight
recorded in case of brinjal (61.57%). Data on inter-
action between tree species x annual crops indicated
inhibitory effect of A. heterophyllus on garden peas;
P. deltoides, T. grandis and A. heterophyllus on sponge
gourd; T. arjuna on tomato.

Phenolic content in leaf-water-extract of tree
species

Analysis of leaf-water extract of different tree spe-
cies indicated significant difference with respect to
content of total phenol (Table 9). The maximum phe-
nol content was recorded in case of T. grandis which
was at par with A. heterophylus and D. sissoo. Phe-
nolic content of all other tree species were signifi-
cantly lower and were at par with each other. Lower
total fresh weight of whole plant treated with the
above three tree species can be partly attributed to
significantly higher phenolic content in the water
extracts.

Biochemical composition of annual crops

a. Total chlorophyll- Significant effects of the treat-
ments on total chlorophyll content was recorded
with respect to tree species, annual crops as well as
interaction between tree species and annual crops
(Table 10). Application of leaf extract of M. indica, A.
mangium, A. auriculiformis and A. marmelos resulted

Eco. Env. & Cons. 22 (1) : 2016

in significant decrease in total chlorophyll content
over that of control. Among the annual crops, sig-
nificant increase was recorded in Pea while, de-
crease was recorded in black gram, sponge gourd,
chilli and tomato. Among the annual crops, pea
(1229.87 ng/g), when treated with extract of T.
grandis, showed a maximum decrease of total chlo-
rophyll, whereas, sponge gourd (2607.62 ng/g),
when treated with extract of M. indica showed a re-
verse trend in all the extracts assayed. Results were
found similar with the findings of Venkateshwarlu
(2001), who has reported inhibition in chlorophyll a
and chl. b content (41.66% and 11.36% respectively)
in radish when treated with leaf extract of M. indica
(200 ppm). The reduction in chlorophyll contents
observed in the few combinations might be due to
degradation of chlorophyll pigments or reduction in
their synthesis and the action of flavanoids,
trepenoids or other phytochemicals present in leaf
extracts (Tripathi et al., 1999). Reduction in
chlorophylls may decrease the photosynthesis and
thereby substantially decrease all the metabolites
viz., total sugars, proteins and soluble amino acids
(Singh and Ranjana, 2003). During present study sig-
nificant inhibitory effect of leaf extracts in chloro-
phyll content has been recorded in pea, but no sig-
nificant changes could be found on total phenol and
total soluble sugar content of this crop.

b. Phenol- With respect to total phenol content of
the annual plants, significant effect of the treatments
could be recorded (Table 11). All the tree species
except P. deltoides, M. azadirach and D. sissoo resulted
in significant decrease in the phenolic content in
annual crops. Among annual crops significantly
higher values could be found in gram, pea, sponge
gourd, okra, brinjal and tomata, while it was re-
corded significantly lower in Chilli. With respect to

Table 9. Total phenol content of leaf extract of different tree species

SL Tree species Total phenol content SL Tree species Total phenol content

No. of leaf extract No. of leaf extract
(mg/100g) (mg/100g)

1. Mangifera indica L 1.89 7 Acacia auriculiformi 0.55

2. Populus deltoides 0.10 8 Aegle marmelos 1.61

3. Terminalia arjuna 0.67 9 Tectona grandis 4.09

4. Butea monosperma 0.86 10 Artocarpus heterophyllus 2.38

5. Melia azedarach L 1.04 11 Dalbergia sissoo 3.13

6. Acacia mangium 1.32

SEmz= : 0.68, C.D. at 5% :2.11
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Table 12. Effect of soil application of leaf water extracts on total soluble sugar content (%) of annual crops

C.D.

at 5%

SEm+

Tectona  Artocarpus Dalbergin Water ~ Mean

Aegle
auricu- marmelos grandis heterophyllus

Melia  Acacia  Acacia
arjuna monosperma azadirach mangium
liformis

Butea

Mangifera Populus Terminalia

Trees/

$1SS00

indica L deltoides

annual
crop

Extract:

1.78  Extract:

0.76
0.72
191

1.

1.57
0.97
1.10
2.26
1.33
2.07
1.32
1.44
0.34
1.38

241
0.72
0.96
1.93
0.94
1.95
1.35
1.77
0.24
1.36

2.39
0.91
0.87
1.68
2.64
1.98
1.20
1.74
0.52
1.55

211
1.37
0.87
1.96
2.10
1.94
1.40
1.71
0.30
1.53

1.59
0.66
0.78
2.80
1.41
2.05
1.54
1.36
0.36
1.39

1.47
0.52
0.63
2.23
1.24
1.85
1.43
1.21
0.30
1.21

1.73
0.52
0.57
1.73
2.90
1.54
1.09
1.74
0.66
1.38

1.35
0.53
0.76
1.92
1.01
1.78
0.76
1.70
0.78
1.18

0.99
0.56
0.74
2.00
0.94
1.84
0.98
1.15
0.73
1.10

1.12
1.30
0.66
1.52
1.33
1.99
1.77
1.62
0.80
1.35

2.40

2.17

Black gram

ns,
Seed:

0.28,
Seed:

0.24,
Extract Extract x

0.40
0.52
1.52
213
2.07

0.65
0.15
1.41
0.61
2.49
0.45
1.55
3.14
1.40

Gram

Pea

0.70,

Sponge gourd
Mustard
Okra

55

Seed:

X
Seed:
0.56

1.96
1.15
1.56
1.29

1.48

0.55
1.71
7.33
2.07

Brinjal
Chilli

Tomato

Mean
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interaction between tree species and annual crops
significant difference were recorded only in the case
of gram, sponge gourd and tomato. Maximum
stimulatory effect was found in gram (1.984 mg/
100g) when treated with P. deltoides while maximum
inhibitory effect was also recorded in the same crop
(0.052 mg/100g) when treated with A. mangium.
This phenolic compound might have interference
with phosphorylation pathway or inhibiting the ac-
tivation of Mg and ATPase activity or might be due
to decrease synthesis of total carbohydrate, protein,
and nucleic acid (DNA and RNA) or interference in
cell division, mineral uptake and biosynthetic pro-
cesses Pawar and Chavan, (2004).

c. Total Soluble sugar- Significant effects of the
treatment on total soluble sugar content of the an-
nual plant, were recorded with respect to annual
crops and interaction between tree species and an-
nual crops, while with respect to tree species it was
found non-significant (Table 12). Among the annual
crops, reduction in the content of total soluble sugar
was recorded in case of Tomato, probably due to
interference of photochemical in total sugar biosyn-
thetic processes; which was also confirmed by Singh
and Rao (2003) in rice. In the interaction between
tree species and annual crops significant effects of
the treatments could be recorded only in the case of
tomato when treated with leaf extract of M. indica
and P. deltoides and mustard when treated with A.
mangium. The maximum stimulatory effect was re-
corded in tomato (7.33%) when treated with extract
of P. deltoides. Rest all the treatments were found at
par with each other.

Conclusion

Hence, the study clearly indicated beneficial effect
of leaf extract of Mangifera indica, Butea monosperma,
Acacia mangium, Acacia auriculiformis and Aegle
marmelos with respect to plant growth of annual
crops. None of the MPTs suppressed the growth of
annual crops which indicate their suitability to be
grown under different agroforestry systems.
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